SYNOPSIS An investigation was undertaken to assess the present importance of leptospiral infections in Northern Ireland, and in particular to look for evidence of infection by leptospiral serotypes other than L. icterohaemorrhagiae and L. canicola.
the first British case of L. canicola infection, and within the next four years another 70 were diagnosed (Broom, 1951) . Alston and Broom (1958) stated that no human infections due to serotypes other than L. icterohaemorrhagiae and L. canicola were known to have occurred in the British Isles (apart from laboratory infections); even since then none seem to have been reported in the literature, though Turner (1963 Turner ( , 1965 has found agglutinins to other serotypes in a small proportion of the human sera he has examined, and the significance of these findings is being investigated.
Until quite recently, L. icterohaemorrhagiae and L. canicola were also the only two serotypes which had been found in animals in Britain, although Alston and Broom (1958) were able to list more than a dozen leptospirae which occurred in the adjacent countries of Continental Europe. Commenting on this disparity, they pointed out that various species of rodents which were known to carry serotypes such as L. ballum, L. bataviae, L. sejroe and L. grippotyphosa on the Continent were also present in the British Isles.
However, within the last few years the position in Britain has changed considerably. Serological tests have revealed antibodies to L. hyos and L. pomona in dogs (Davies, 1957) , to L. pomona and L. ballum in pigs (Michna, 1958; Davies, 1960) , and to L. sejroe, L. bataviae, and L. grippotyphosa in several species of rodents (Broom and Coghlan, 1958) . In addition, a number of strains of leptospirae have been isolated from small field rodents; some of these strains were identified as L. ballum and some as belonging to the L. sejroe-L. saxkoebing group (Broom and Coghlan, 1958) . A further serotype named L. bratislava has been isolated from hedgehogs (Broom and Coghlan, 1960; Turner, 1962) , and more recently, L. erinacei-auriti from a water vole (Slavin, Salt, and Wolff, 1964) .
Clearly many more leptospiral serotypes are present in Britain than was suspected a few years ago. Most of these serotypes are known to cause human illness in other countries, and it seemed probable that similar human infections were occurring in the British Isles, but were remaining undiagnosed.
The investigation reported here was designed to look for evidence of such leptospiral infections in Northern Ireland, an area with a large farming community and a known high incidence of Weil's disease (Kennedy, 1953) .
MATERIALS AND METHODS
Thirteen leptospiral serotypes were used as antigens in a series of serological tests which, it was hoped, would detect agglutinins to most leptospirae likely to be encountered. Tests were carried out by the microscopic agglutination technique, employing formolised leptospiral antigens, following in general the methods described by Alston and Broom (1958) .
SELECTION OF SEROTYPES FOR TESTS These were chosen on the advice of Turner (1962) . Selection was based mainly on the known antigenic grouping of the leptospirae, one member being included from each of the principal serological groups. Where possible the actual serotype chosen was one which was known, or suspected, to be present in the British Isles, taking into account the findings in animals within recent years.
PREPARATION OF ANTIGENS AND ANTIGEN POOLS The 13 leptospiral serotypes were maintained in Korthof's medium, subcultures being performed every seven to 10 days. Antigens were prepared by adding neutralized formalin to suitable cultures. These antigens deteriorated slowly, but most remained satisfactory for at least two weeks, and some for considerably longer.
For screening purposes it was convenient to use pooled antigens, each pool containing a mixture of two or three antigenic suspensions of approximately equal density. Each pool was tested with antiserum against all its constituent antigens, to ensure that all were reacting satisfactorily. If necessary, extra quantities of poorly reacting antigens were added to the pools concerned.
The leptospiral serotypes used in these tests, and the arrangement of the five antigenic pools, are shown in 2 'Singling' Sera which showed even traces of agglutination with any pool were next tested against the single antigen constituents of the reacting pool or pools, usually at a final serum dilution of 1/50. Occasional sera showing strong reactions with several pools were also 'singled' at higher dilutions, e.g., 1/100 or 1/500. 3 Titration Sera were finally titrated against the single antigens which they had agglutinated. Often titration was only required against one or two antigens. However, marked co-agglutination involving many leptospiral serotypes is often found in the early stages of a leptospiral infection. In such cases titration was only carried out with those antigens which were agglutinated at the higher dilutions in the 'singling' procedure, thus obviating the need to perform a full titration with a large number of antigens.
The titre of the serum against any antigen was taken as the highest serum dilution at which 50 % or more of the leptospirae in the antigen suspension were agglutinated, as suggested by Alston and Broom (1958) . The scheme of titration was that described by Schuffner (1934) , giving final serum dilutions of 1/10, 1/30, 1/100, 1/300, 1/1,000, 1/3,000, etc.
Rabbit antisera were used to test the reactivity of each batch of antigen suspensions. Negative controls were included with each set of tests, in order to detect spontaneous agglutination in any antigen, this occurring occasionally for no obvious reason.
ISOLATION OF LEPTOSPIRAE This was attempted in some cases, where fairly fresh blood samples were available. A few drops of blood, or broken-up blood clot in serum, were inoculated into bottles of Korthof's medium. These were incubated at 30 to 32°C., being examined at intervals over a period of at least six weeks for evidence of leptospiral growth.
SOURCE OF SPECIMENS EXAMINED Blood samples from 335 patients were examined. Sera from 320 of these were obtained from specimens received at The Laboratories, Belfast City Hospital, for a variety of serological tests (see Table Il Table III . Early in the illness coagglutination is marked, and heterologous agglutinins may actually be present to a higher titre than the homologous agglutinins, the 'paradoxical reaction' described by Fuhner (1950) and others. After reaching a peak, however, the titres of the heterologous agglutinins usually fall rapidly, whereas the homologous agglutinin titre may continue to rise for a short period and then declines more slowly and may remain at a level of 1/100 or 1/300 for many years (Wolff, 1954) . Where this differential fall in titre is not sufficiently clear cut, as in cases 5 and 6 in Table III , absorption tests might help to determine the infecting serotype. Unfortunately these could not be carried out during this investigation.
A further obstacle to serological diagnosis is the effect of early therapy with antibiotics, which may delay the appearance of agglutinins and prevent them reaching a high titre (Wolff, 1954; Babudieri, 1961) . Case 2 in Table III may have been an example of this effect, since penicillin and sulphadimidine were given from the onset of illness.
Past infections The antibody titre accepted as indicative of previous leptospiral infection has varied with different authors. General opinion now seems to be that a titre of 1/100 may be regarded as significant. This was the level suggested by a World Health Organization expert study group for the microscopic agglutination test, using either living or killed antigen (Report, 1955) , and it was adopted for this investigation, though many workers would accept a lower titre when formolised antigens are used.
On this basis, sera from nine patients out of 335 (2 7%) were regarded as showing evidence of past leptospiral infection. Although the patients to some extent formed selected groups and are unlikely to be representative of the population as a whole, the fairly uniform distribution of these residual antibodies among the different groups of sera examined (see Table II ) does suggest that leptospiral infections may be more common than is generally appreciated. Indeed the findings in case 6 (Table III) Table III ). In the milder clinical syndromes, sometimes termed 'benign leptospirosis', meningeal symptoms or a frank aseptic meningitis frequently occur; these findings were prominent in the present group of acute infections (see Table III ).
Most of the other leptospiral serotypes usually give rise to illnesses of the 'benign leptospirosis' type. Fever, profuse sweating, headache, and muscular tenderness are common features (Alston and Broom, 1958 Yager, Gochenour, Alexander, and Wetmore, 1953; Broom and Coghlan, 1958) and from rats (Humphreys, Campbell, and Smith, 1953; Covaleda, Pumarola, and Cantarell, 1953) . Antibodies to this serotype have been detected in a number of domestic animals, including pigs (Davies, 1960) and dogs (Alexander, Gleiser, Malnati, and Yoder, 1957) . Hedgehogs seem to be the principal carriers of L. bratislava in Europe (Kmety, 1954; Plesko, Bakoss, Kmety, and Vachold, 1960) and in the British Isles (Broom and Coghlan, 1960; Turner, 1963) . The predominantly rural connexions of the persons infected by these two serotypes is therefore not unexpected (see Table IV ).
L. icterohaemorrhagiae infections are probably usually acquired from rats, though dogs and many other animals may also carry this serotype (Alston and Broom, 1958) . L. canicola is relatively common in dogs (Broom and MacIntyre, 1948) and also in pigs (Coghlan, Norval, and Seiler, 1957 (1958) and Babudieri (1961) , and they have been critically reviewed by Gochenour, Gleiser, and Ward (1958 are serotype-specific, and therefore require the use of multiple antigens in order to detect all possible leptospiral antibodies, as was attempted in the present investigation; these procedures are very laborious and time-consuming. Macroscopic agglutination tests, such as that of Galton, Powers, Hall, and Cornell (1958) , may partly solve these difficulties, but a more promising approach appears to be the use of a genus-specific reaction, e.g., the sensitized erythrocyte lysis test (Cox, 1957) , the sensitized erythrocyte agglutination test (McComb, Smith, Coffin, MacCready, and Chang, 1957) , or certain complement-fixation methods (Randall, Wetmore, and Warner, 1949; Elian and Nicoara, 1964) .
It is important that we should obtain a more complete picture of the true frequency and nature of these leptospiral infections, both from the epidemiological point of view and from that of the individual patient. This implies more accurate diagnosis, particularly in the atypical infections, and it is suggested that this might most conveniently be achieved in two ways:
1 By more frequent attempts to isolate leptospirae, particularly from acute-phase blood samples from patients with febrile illnesses: isolates may be obtained by inoculating a small volume of blood into (a) leptospiral culture media (e.g., Korthof's or Stuart's media) or (b) suitable laboratory animals.
Later in the illness leptospirae can sometimes be isolated by similar means from cerebrospinal fluid or from urine. Isolation of organisms is very desirable, as it enables the infecting strain to be accurately identified and typed. Method (a) is easy to carry out and gives good results (Babudieri, 1961) 
CONCLUSIONS
We can no longer assume that human leptospirosis in the British Isles only involves the two familiar serotypes, L. icterohaemorrhagiae and L. canicola. Two additional serotypes,L. ballum andL. bratislava, are causing human infections in Northern Ireland, and others will almost certainly be incriminatedin due course.
It is probable that many of these leptospiral infections are relatively mild, perhaps 'influenzal' in character, but further work is needed to clarify the situation. Meanwhile, the possibility of leptospirosis should be considered in all obscure pyrexial illnesses, particularly if there is meningeal involvement. This applies especially to such illnesses in farmers and others who are in contact with animals, either wild or domestic. Appropriate laboratory investigations should be undertaken in such cases, including attempts to isolate leptospirae from blood during the early stages of the illness, thus allowing accurate typing of infecting strains.
There is also a need for a simple but reliable screening test for the serological diagnosis of all types of leptospiral infection. Until one becomes available the agglutination test with a restricted number of antigens will probably remain in general use. However, the possible inadequacies of this test should be remembered, and, where negative or equivocal results are obtained on patients with strong clinical suspicion of leptospirosis, the sera should be sent to a reference laboratory for more complete examination with a wider range of leptospiral antigens.
